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Summary
In South Africa, wildlife can be privately owned and utilized for economic 
gain, with the consequent formation of thousands of wildlife ranches that are 
stocked with wildlife for the main purpose of hunting and live sale. When 
predators prey on antelope, the economic value attached to wildlife results in 
confl ict. The cheetah, Acinonyx jubatus, is protected by legislation in South 
Africa, and cheetahs have consequently been illegally shot and trapped 
in an attempt to reduce losses. A compensation–relocation programme for 
“problem” cheetahs was therefore initiated in South Africa by landowners, 
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conservation offi cials and biologists; this programme allowed landowners to 
legally capture “damage-causing” cheetahs on their property for relocation 
into fenced protected areas. Trapped cheetahs were temporarily placed in a 
specially designed holding facility to habituate them to humans to facilitate 
monitoring and future viewing for ecotourism. Cheetahs were released into 
approved reserves using a soft-release method and were subsequently moni-
tored. A total of 29 reserves and 189 cheetahs (92 adults: 59 males and 33 
females, plus 94 cubs born on the reserves) were included in the survival 
analyses using the Kaplan-Meier (product limit) estimator with staggered 
entry. The mean annual survivorship for all cheetahs, including cubs born in 
this study, was 82.8%. The fi nal survivorship value for all adult cheetahs was 
0.23 and for cubs was 0.04. Cubs had signifi cantly higher survival on reserves 
where other competing predators were absent. The median survival time was 
38 months for adult males and more than 53 months for adult females, which 
is higher than the corresponding 17 months for adult males and 8 months for 
adult females on Namibian ranchland.
Introduction
The land-use system in South Africa is unique in Africa in that land and 
wildlife can be privately owned and utilized for commercial purposes (Benson, 
1991; Lindsey et al., this volume). This has resulted in more than 10,000,000 ha 
of land being fenced to form more than 5000 wildlife ranches that are stocked 
with various wildlife species for the main purpose of sport hunting (Eloff, 
2002). Wildlife is therefore consumptively utilized for economic gain by land-
owners, which provides concomitant habitat conservation (Hayward, 2005). 
Lions (Panthera leo) and spotted hyaenas (Crocuta crocuta) have been extir-
pated from most ranchlands in South Africa, but leopards (Panthera pardus), 
cheetahs (Acinonyx jubatus) and brown hyaenas (Hyaena brunnea) still persist 
(Wilson, 2006). In the Thabazimbi district, the mean ranch size is 1800 ha 
and the ranches are enclosed in game fencing, which is not predator proof 
(Wilson, 2006), allowing predators to move either under or over the fences. 
Large predators can only be legally reintroduced onto a property when, among 
other considerations, predator-proof fencing has been erected. This means 
that only larger properties are able to sustain confi ned large predators like 
lions and spotted hyaenas, and thus the average wildlife ranch will not be able 
to benefi t from their value as trophy animals. Additionally, lions pose a threat 
Kelly Marnewick et al.284
to ranch staff, who work mostly on foot and unarmed, so their presence is 
not desired. For these reasons, only leopards, cheetahs and brown hyaenas 
persist on ranchland in South Africa.
In some areas, cheetahs may fare better outside than inside conservation 
areas, owing to the lack of intraguild competition (Laurenson, 1995). Addi-
tionally, prey species on wildlife ranches are often maintained at artifi cially 
high densities (van der Waal & Dekker, 2000), by means of supplementary 
feeding and water provisioning, which further improves conditions for chee-
tahs in these areas. While ecological conditions may theoretically favour chee-
tahs outside reserves, confl ict with landowners frequently occurs owing to the 
perceived threat of cheetahs to ungulate populations and domestic stock 
(Marker, 2002; Wilson, 2006). This is exacerbated when ranchers stock expen-
sive rare or endangered antelope or rare colour variations, e.g. black impala 
(Aepyceros melampus) or white blesbok (Damaliscus pygargus phillipsi) (KM, 
unpublished data). This often results in landowners illegally shooting, trap-
ping and removing cheetahs from their land (KM, unpublished data).
There is a booming non-consumptive, photographic ecotourism market in 
South Africa, which has resulted in many privately owned reserves being 
established. In order to attract tourists, these reserves are reintroducing a 
diverse range of species from antelope to the Big Five (lion, leopard, elephant 
[Loxodonta africana], African buffalo [Syncerus caffer] and white [Ceratoth-
erium simum], or black [Diceros bicornis], rhinoceros). Such reserves fi nd 
great economic benefi t from the presence of cheetahs on their property 
(Lindsey et al., this volume).
In 2000, a group of landowners from the Thabazimbi district in the western 
part of South Africa’s Limpopo province (Figure 13.1) approached the De 
Wildt Cheetah and Wildlife Trust looking for solutions to the confl ict between 
landowners and cheetahs. As a result, the National Cheetah Management 
Program (now known as the National Cheetah Conservation Forum of South 
Africa) was formed and included most role-players in South Africa who had 
an interest in cheetahs, from landowners to conservation offi cials and research-
ers. Several issues were discussed around the confl ict, and a compensation–
relocation programme was initiated as one of the short-term methods of 
reducing confl ict while ensuring cheetah survival.
The compensation–relocation programme made legal provision for land-
owners, who were experiencing problems with cheetah predation, to trap 
them live rather than using lethal control methods. The landowner would 
then be compensated by a pre-determined amount (currently ZAR10,000—
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approximately US$1500) per cheetah. The cheetah would then be relocated 
to a conservation reserve in South Africa where cheetahs were required for 
ecotourism purposes. The relocation venue would then pay a minimum 
donation (currently ZAR15,000—approximately US$2200) for the cheetah. 
The ZAR5000 (approximately US$700) excess would be used to cover any 
incidental and holding costs for the cheetahs.
In order to prevent some of the problems that are common to relocations, 
the cheetahs are relocated only into fenced protected areas. This ensures that 
they are not able to return to the site of capture (Hunter, 1998) or to become 
problem animals in the relocation area as occurs in many relocation pro-
grammes (Linnell et al., 1997). Additionally, all releases were soft releases, 
which further increase the chances of success (Hunter, 1998; Moehrenschlager 
& Somers, 2004).
Finally, this compensation–relocation programme is not seen as a long-









Figure 13.1 Locations where cheetahs were trapped, as well as relocation reserves 
in South Africa. Reserves marked with an asterisk were included in the analyses. 
Other reserves were omitted either because no data were supplied or because relo-
cations began after the start of data analysis.
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time while other mitigation measures, such as education, improved livestock 
husbandry practices, research and non-lethal damage prevention are imple-
mented. While in some cases landowners trapped cheetahs specifi cally for the 
fi nancial benefi t of compensation, in other cases cheetahs that would other-
wise have been killed were made available for relocation owing to the fi nancial 
gain. It is not possible to quantify how many cheetahs would have been killed 
or would not have been trapped if compensation was not offered.
Trapping cheetahs on ranchland is not easy—it is time consuming and 
labour intensive. It requires investigation into a good trapping site, chopping 
down trees to build a boma, obtaining and daily feeding a goat if live bait is 
used, maintenance of the trap and trap time lost in capturing non-target 
animals. Even then, there is still no guarantee that the cheetah will be caught. 
In a study on ranchland in the Thabazimbi district, it took approximately 
1,500 trap nights to trap fi ve cheetahs (Marnewick & Cilliers, 2006). Thus, 
many ranchers feel that it is not worth the effort setting traps and maintaining 
them if they are not going to receive any benefi t from trapping the cheetah; 
they feel that shooting is cheaper and quicker, with immediate results and 
some sense of satisfaction. In contrast to this, other ranchers are happy to 
leave cheetahs on their ranches because they know that they can obtain help 
if they feel that the cheetahs can no longer be tolerated. The above demon-
strates that there are several issues of concern in this compensation–relocation 
programme pertaining to conservation principles and long-term sustainabil-
ity. Nonetheless, from the human perspective, this has encouraged coopera-
tion from landowners, who often feel confl icted with and marginalized by 
predator conservationists and governmental authorities.
Previously, several attempts have been made to relocate cheetahs from 
ranchlands to reserves. In Zimbabwe, cheetahs were successfully relocated 
from ranches to Matusadona National Park (Purchase & Vhurumuku, 2006). 
A similar relocation project in Suikerbosrand Nature Reserve in South 
Africa (Pettifer, 1981) was less successful. Here, eight adult cheetahs were 
released onto the 13,400-ha reserve over a period of 15 months. The popula-
tion had grown to approximately 24 individuals after 2 years, and the prey 
population became depleted owing to overpopulation of cheetahs (Hayward 
et al., 2007c), and the prey then had to be supplemented. The rapid increase 
of the cheetah population was attributed to the absence of other large, 
competing predators.
Cheetahs were also relocated from Namibian ranchlands to Pilanesberg 
and Madikwe Game Reserves in South Africa (Hofmeyr & van Dyk, 1998). 
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At Pilanesberg, seven cheetahs were reintroduced in 1981/1982 from the De 
Wildt Cheetah Breeding Centre, but most of these were later removed to 
protect antelope populations. A further 16 cheetahs were introduced from 
Namibia in 1995/1996, after which the population remained stable at 17 
individuals (Hofmeyr & van Dyk, 1998) before rising to 20 by 2001 (van Dyk 
& Slotow, 2003). Nineteen cheetahs were reintroduced to Madikwe from 
1994. However, only four reintroduced individuals still survived in 1998 
(Hofmeyr & van Dyk, 1998).
Cheetahs that were relocated from Namibia to the Zambezi National Park 
in Zambia (Anon, 1995) all died after release, owing to snaring and confl ict 
with other cheetahs. Cheetahs were reintroduced into Phinda in 1992 (Hunter, 
1998) and into several other reserves in the Eastern Cape of South Africa since 
2000 (Hayward et al., 2007b), many of which are included in this study.
Methods
Trapping
Perceptions of the landowner are often stronger than reality and can strongly 
infl uence attitudes towards predation (Mech, 1981). Negative attitudes 
towards large predators are normally motivated by fear of economic loss 
(Kellert, 1985; Marker, 2002) as opposed to actual losses. Therefore, as it was 
not possible to quantify actual losses on every ranch, in situations where the 
landowner could not be convinced otherwise, cheetahs that were perceived to 
be causing damage were trapped on cattle and wildlife ranches in Limpopo 
and the North West Province (Figure 13.1.). Cheetahs were trapped by land-
owners, conservation offi cials and fi eld staff of the members of the National 
Cheetah Conservation Forum of South Africa. Where landowners were trap-
ping independently, it was impossible to attempt to convince them to leave 
the cheetahs on the property.
Double-door, box trap cages were mostly used (Marnewick & Cilliers, 
2006). De Wildt occasionally received cheetahs that had been trapped by 
landowners using undesirable methods that led to the cheetahs being injured. 
If these injuries were considered severe enough to prevent relocation of the 
cheetah, then the cheetah was placed in a reputable captive-breeding centre 
(e.g. De Wildt Cheetah Breeding Centre, Cango Wildlife Ranch or Hoedspruit 
Centre for Endangered Species). Such injuries included broken jaws, loss of 
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limbs or part of limbs and, in some cases, broken bones that did not recover 
well after veterinary care. Some cheetahs were released and survived after 
pinning and plating of bones, blindness in one eye, or after surgery on lacera-
tions caused by snares and dogs during capture. However, the eventual 
hunting success seems to be dependent on the specifi c injury and the degree 
of recovery of the cheetah.
Trapped cheetahs were then transported in a crate to one of three holding 
facilities located in the Limpopo province. De Wildt Shingwedzi near Bela-
Bela is now the main holding facility as it is specifi cally designed to hold wild 
cheetahs, is separate from any captive cheetahs and has staff experienced in 
managing wild cheetahs. The cheetahs were usually not immobilized or 
sedated for transportation, but were simply moved from the capture cage into 
the crate. Immobilization was used only if it was not possible to remove the 
cheetah from the capture cage.
Holding
The holding facility was specifi cally designed to hold wild cheetahs (Figure 
13.2). As the cheetahs were not habituated to humans, the facility was inten-
tionally small in size, with the limited amount of space preventing injuries 
when the cheetahs tried to fl ee from human presence during holding. Unable 
to build up enough speed in the small camps, the cheetahs could not hurt 
themselves by running into fences. To habituate the cheetahs to human activi-
ties and vehicles for both viewing and monitoring purposes, the holding 
facility was situated near a major road on the ranch. While in captivity, the 
cheetahs were fed daily and became accustomed to humans. This practice 
contrasts with plans for the Amur leopard (Christie, this volume), because 
the economic value of the cheetahs drives their conservation at the reintro-
duction sites, whereas the leopards will be at risk from human poaching at 
their reintroduction sites.
Cheetahs were held here for approximately 3–4 months, with the time 
dependent on the availability of relocation venues, how habituated the chee-
tahs became and any injuries that needed attention.
Prior to relocation to a suitable reserve, the cheetahs were immobilized and 
fi tted with a radio telemetry collar and a microchip implant. Measurements 
and bio-samples were taken and a general health check was carried out by 
qualifi ed veterinarians. If females were released onto reserves with males, they 
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were sometimes contracepted for the fi rst year using Suprelorin (Peptech 
Animal Health, Sydney, Australia; Bertschinger et al., 2002; Bertschinger 
et al., 2006) to prevent unwanted growth of the cheetah population in con-
fi ned reserves. Such unwanted growth is the biggest problem faced in manag-
ing many reintroduced predators once the agents of their decline have been 
removed (Hayward et al., 2007c).
Males received as individuals were bonded artifi cially to form coalitions as 
this is believed to be more suitable for relocation purposes (Hunter, 1998). 
Males were fi rst put in adjoining camps (Figure 13.2) to allow them to become 
accustomed to each other. Once they were observed lying next to each other, 
either side of the fence, and showing no obvious signs of aggression, the 
sliding gate between the two camps was opened. They were further monitored 
and, if there was no fi ghting over food, the bonding was considered successful. 
Once the cheetahs were habituated to the presence of humans and vehicles, 
and the male groups formed, the sliding gate was opened into the larger camp 
(400 m2), where they remained until relocated to a reserve.
The cheetahs were again transported in crates without drugs to the reloca-
tion reserve, where they were released into a suitably fenced holding boma of 
Crushes with canvas covers
10
 m
20 m 2.5 m
Sliding gates
Pedestrian gates
Fence: diamond mesh, cemented into ground
Diamond mesh roof over whole facility
Large camp with grass and trees
Figure 13.2 Schematic aerial view of the temporary holding facility for wild 
cheetahs.
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approximately 1 ha in size. If males and females were to be released on the 
same reserve, they were held in separate but adjoining bomas in order to 
become accustomed to each other through the fence. If possible, the female 
was released fi rst to allow her time to settle into a range before the males were 
released.
The cheetahs were monitored several times per day (ideally for several 
minutes at a time) to further habituate the cheetahs to humans and vehicles. 
Tourist game drives were taken past the boma to allow the cheetahs to habitu-
ate to the game-viewing vehicles. If the relocation reserve wanted to view their 
cheetahs on foot after release, it was recommended that reserve staff spend 
time with the cheetahs in the boma on foot to ensure that they were fully 
habituated before release. Many reserves obtained very relaxed cheetahs by 
allowing a staff member to spend several hours at a time in the boma working 
on a lap top or reading a book out loud to accustom the cheetahs to human 
voices.
Although wild cheetahs pose little threat to adult humans, staff were urged 
to always carry a stick whilst on foot in the boma and were told to never sit 
down on the ground and to always respect the comfort zone of the cheetah. 
While it may be irregular to habituate other large carnivores to humans on 
foot, cheetahs are unique in that they can be safely approached and observed. 
Additionally, it is necessary to have the cheetahs habituated for effective 
monitoring as, on many reserves, it is not possible to obtain visuals from a 
vehicle if the cat has moved off the road. Habituated cheetahs are also easer 
to manage in case of injury or escape. The fi rst release of wild cheetahs onto 
a reserve in this project was done without habituating the cheetahs and, after 
release, it was not possible to obtain visuals of the cheetahs. Additionally, one 
of the reasons that reserves introduce cheetahs is for tourism. Cheetahs can 
make excellent viewing animals, but need to be habituated to humans if 
walking safaris are to be offered.
The frequency of feeding was gradually decreased from daily to weekly (as 
is usual in wild cheetahs). It was recommended to the managers that, when 
feeding, a whistle should be blown prior to the cheetahs being fed. This 
resulted in the cheetah being conditioned to the sight of a human and the 
sound of a whistle equating to food being given. Human presence, without 
the whistle being blown, did not result in food for the cheetah. This practice 
desensitized the cheetah to human presence by benefi cial association. It also 
conditioned them to only expect food when both stimuli (human and whistle) 
were present (S. McKay, personal communication1). The whistle can also be 
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useful after release for management reasons, such as recapture after escape or 
darting to administer veterinary care (Hayward et al., 2007a). If a cheetah 
heard a whistle, it would be inclined to look for a human being in order to 
complete the conditioned behaviour sequence and thus receive food.
Relocation venues needed to comply with certain criteria before being 
considered for releases. Such criteria included an ecological management 
plan, and this required proof that the reserve could support the cheetahs for 
a minimum of 2 years without supplementing the prey population. A model 
was used to quantify the sustainability of the prey population by including 
the following in the ecological management plan: stocking rates of the reserve, 
as well as consumption rates of cheetahs, preferred prey availability and prey 
growth rates (J.W. Kruger, Limpopo Department of Environment and 
Tourism, RSA unpublished data). The precision of this model may not be 
satisfactory (as reserves as small as 1500 ha have been included), so predicting 
the carrying capacity of a reserve based on the biomass of preferred prey 
should provide more robust estimates of the sustainability of a reintroduced 
cheetah population (Hayward et al., 2007c). The reserve must be fenced 
according to specifi cations and a monitoring programme must be in place. 
Additionally, the relevant permits and permissions must be obtained from 
government, and a memorandum of understanding must be signed which 
includes agreements to monitoring, confi rmation that the cheetahs remain 
wild and are not held in small camps, and confi rmation that they will not be 
sold or hunted. Only two reserves had cheetahs from previous introductions 
and one reserve was omitted from the analyses owing to lack of feedback from 
managers. Dominant competitors (lions and/or spotted hyaenas) were present 
on 13 of the 23 reserves included in the data analyses.
Release
The cheetahs were held in bomas for at least 3 months before they were 
released onto the reserve. If males and females were to be released, females 
were released fi rst to give them the opportunity to settle into the range before 
the males were released. During the release, cheetahs were lured out of the 
boma by dragging an antelope carcass or hind-quarter on a piece of rope until 
the cheetah was far enough away to allow the gate to be closed without fright-
ening the cheetah. Although it is feasible to open the gate and let the cheetahs 
leave at their own accord, we lured the cats out to reduce the risk of other 
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animals entering the open boma and possibly injuring or killing the confi ned 
cheetahs.
After release, the cheetahs were closely monitored using telemetry for the 
fi rst few weeks until reserve staff were satisfi ed that the cheetahs had settled 
in and were hunting effectively. If they were not hunting, supplementary 
feeding was considered. This was seldom necessary and only occurred if the 
cheetah had not eaten for a period of approximately 7 days; the timing varied 
according to the individual cheetah and how well it retained condition. If 
supplementary feeding took place, only a small amount of food (e.g. a hind-
quarter) was fed in order to maintain condition and energy levels, but to leave 
the cat hungry. It was recommended that monitoring should continue on a 
daily basis after release.
Data collection
Basic data on release and death dates (accurate to the nearest month) for the 
Kaplan-Meier analyses were collected from relocation reserve managers; this 
provided information for 29 reserves and 186 cheetahs for a complete 5-year 
period (Figure 13.1). Many reserves offered this information for all their 
cheetahs, including those that had been relocated privately between reserves 
and not through the compensation–relocation programme—and these were 
also included in the analyses. Information collected included month of release 
and month of death or censoring if applicable. For cubs born on reserves, 
managers were asked to report the month in which the cubs were born and 
how many cubs there were, and also to note the months in which cubs were 
seen to have died or gone missing. Females were generally carefully moni-
tored, and managers were able to give data on cubs from a young age (nor-
mally still in the den).
Data analyses
Because the cheetahs were not all reintroduced at the same time, but rather 
over a period of several years, survivorship was measured using the Kaplan-
Meier estimator (product limit estimator) with staggered entry (Pollock et al., 
1989). This allows for the staggered entry of animals and compares survival 
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functions using the log rank test (χ²). The Kaplan-Meier estimator also allows 
for inclusion of data from censored animals (e.g. those who escaped and could 
not be found or whose fates were unknown). Log rank tests were used to 
compare the overall survival curves obtained from the Kaplan-Meier analyses 
(Pollock et al., 1989). The Z-test was used to compare survivorship values at 
the end of the 6-year study period. Median survival times were estimated as 
the smallest survival time for which the survivorship function was less than 




From 2000 until the end of 2006, 136 cheetahs were received through the 
compensation–relocation programme; of these, 20 individuals were retained 
in captivity as they were either too young (unweaned cubs) to be released or 
were injured (e.g. badly broken limbs, broken jaws, etc.) and deemed unfi t 
for release. Methods are currently being developed to rehabilitate young chee-
tahs to ensure that they seldom end up in captivity (KM, unpublished 
data).
Cheetah and reserve data
Suffi cient data for the Kaplan-Meier analyses were obtained for 186 cheetahs, 
of which 92 were adults (59 males and 33 females) and 94 were cubs born on 
reserves. Owing to inaccurate information or to a lack of response from the 
reserves, 35 cheetahs were omitted from the analyses. These cheetahs were 
relocated in the same manner as all the other cheetahs in the study, and it is 
not likely that the managers’ non-response to requests for data could bias 
survival of cheetahs. The fate of most of these cheetahs is known, and some 
of the omitted cheetahs are on reserves where monitoring is excellent—we 
were just not able to obtain accurate information for analyses.
The cubs were born from 23 females, of which two had two litters each. 
Litter size ranged from two to seven cubs per litter (mean = 4.5 ± 1.87). The 
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litter sizes could have been underestimated in some cases as some cubs could 
have died before emerging from the lair. However, because most of these 
relocated cheetahs were thoroughly habituated to humans on foot, monitor-
ing staff were often able to observe cubs from a very young age. In the Ser-
engeti, the litter size ranged between one and six cubs (mean = 3.5 ± 1.87) 
(Laurenson, 1995).
The relocations from which data were collected took place from 
September 2000 to September 2007. The relocation reserves ranged in size 
from 1500 ha to 70,000 ha, with a mean reserve size of approximately 
36,000 ha.
Cost of relocations
While the principal aim of the relocation programme is for it to be fi nancially 
self-sustaining (with funds paid out and paid into the compensation fund), 
this is not the case. For a normal relocation, where the cheetah is not injured 
or ill and does not require any additional veterinary attention, the cost is 
roughly ZAR18,250 (approximately US$2700). These costs include the cost 
of food, collars, general veterinary care, permits, staff salaries and transporta-
tion. Excluded are the fi xed costs of building and maintaining the holding 
facilities, fencing the protected areas and any costs incurred at the relocation 
venue. The ZAR5000 defi cit from the relocation venue donation contributes 
to these expenses, making the actual cost approximately ZAR13,250 (approxi-
mately US$1900). These costs soar when the cheetah requires surgery, or 
when the cheetah is received at a young age, is held for extended periods and 
needs to go through a re-wilding programme. The costs of the actual capture 
are also not included: capture cages, labour, bait animals and their food, 
health care, etc.
Survival of relocated cheetahs
Survivorship was determined for each sex, age group and year and for chee-
tahs with and without the presence of other large predators (Table 13.1; Figure 
13.3A and 13.3B). Cheetahs survived signifi cantly longer at sites where other 
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sites where they were sympatric (Table 13.2). There was a signifi cantly higher 
fi nal survivorship value for adults when compared to cubs, and adult female 
cheetahs survived signifi cantly longer than males (Table 13.2).
The mean annual survivorship for all cheetahs, including cubs born in this 
study, was 0.14 for the complete 5-year period of the study, and a cheetah in 
the reintroduced population had an 82.8% chance of surviving for 1 year. 
Only adult cheetahs were reintroduced, and the fi nal survivorship value for 
all adult cheetahs was 0.23 (95% CI = 0.1707−0.2869). This means that any 
adult cheetah released as part of the relocation programme has a 23% chance 
of surviving for 5 years or an 84.6% chance of surviving for 1 year.
A highly signifi cant difference in cheetah survivorship existed between the 






































Months since reintroductions began
Females with competitors
(a)
Females without competitors Males with competitors
Males without competitors Cubs with competitors Cubs without competitors
Figure 13.3 Kaplain-Meier survivorship of cheetahs on relocation reserves (a) 
with and without other competing predators and (b) for different years.
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lowest during 2003, owing to eight cheetahs being placed on a reserve where 
six of them were killed by lions. During the same year, three cheetahs escaped 
from another reserve and died, and four other cheetahs were not monitored 
and were classifi ed as censored according to the Kaplan-Meier method (cen-
sored animals are those who escaped and could not be found, or whose fates 
were unknown).
The fi rst cubs from reintroduced parents were born in February 2002. The 
fi nal survivorship value for cubs was 0.04 (95% CI = 0.0327−0.0570), which 
meant that cubs born from relocated cheetahs have a 4% chance of surviving 
for 5 years or an 80.8% chance of surviving for 1 year. However, the fi nal 
survivorship value for cubs on reserves where competing predators were 
absent was 0.76 (95% CI = 0.6034−0.9148), compared to a fi nal survivorship 
value of 0.04 (95% CI = 0.0228−0.0474) when competitors were present. This 
highly signifi cant difference (Z = 9.09; df = 1; p < 0.01) highlights the impact 
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for cubs without competitors of 95.2% and with competitors of 80.8%. 
Importantly, cub survivorship is not as important as adult survivorship 
in long-term population persistence (Crooks et al., 1998), and all of the 
reintroduced populations still persisted 7 years after the reintroduction 
programme began. In one population, all but one of the cheetahs were killed 
by lions, and management decided not to introduce additional cheetahs from 
ranchlands as they expected that the cheetahs would meet the same fate. The 
lions here were captive bred—which may have contributed to the problem. 
However, cheetahs have subsequently been introduced into the study area 
from other reserves where lions did occur, and these cheetahs are reportedly 
doing well.
Cheetah cub survival increases dramatically with increase in the age of the 
cubs. Here, cheetah cubs were not able to be accurately divided into age 
groups, which could result in the survival values being overestimated. In 
studies elsewhere, it was found that estimating cub survival after emergence 
can infl ate survival by up to 300% and estimating survival 2 weeks after emer-
gence can overestimate survival by another 150%. (S. Durant, Zoological 
Society of London, UK; personal communication). Ideally, cub survival 
should be analysed in age-specifi c analyses such as mixed linear models 
(Durant et al., 2004). However, such models do not take into consideration 
the staggered entry of the reintroductions.
Comparison of survivorship between cheetah populations
The mean annual juvenile survival in the Serengeti was estimated at 0.10 
(Kelly & Durant, 2000). This was far lower than that for cubs from reintro-
duced parents where other competitors were present on the reserve (80.8% 
annual survivorship; Table 13.1), which is surprising given that cub survival 
is so low in the Serengeti (Laurenson, 1994). However, Laurenson (1994) did 
count cubs in the den and monitored them intensively thereafter, which could 
account for the differences noted between the two studies.
The median survival time for adult males in our study was 38 months and 
for adult females was more than 53 months (50% survivorship had not yet 
been achieved for adult females; Table 13.1). On Namibian ranchlands, the 
median survival for marked adult males was approximately 17 months and 
for females was 8 months (Marker et al., 2003). (The median survival time of 
Namibian cheetahs was obtained from Figure 8 in the source by estimating 
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the shortest survival time for which the survivorship function was less than 
or equal to 0.5—i.e. the value on the x-axis where the y-axis value is equal to 
0.5—as we have used here). On Namibian ranchland, competition with other 
large carnivores is minimal, whereas persecution from landowners is the main 
threat (Marker-Krause et al., 1996).
The lowest median survival time (8 months) was for the total female group 
(including adults and cubs and in reserves both with and without competi-
tors), which is the same as that recorded on Namibian ranchland for adult 
females. The highest median survival time (54 months) was for the same 
group of females but on reserves with competitors present; however, females 
on reserves without competitors had not yet reached a 50% survivorship after 
41 months. Adult females generally had the highest survivorship value (S[t] 
= 0.45; 95% CI = 0.3105−0.5894). All females had higher survivorship values 
than all males, but this was not signifi cantly different (Z = −0.19; df = 1; 
p = 0.849). There was also no signifi cant difference between survival values 
of females and males in Namibia, although females also had higher survivor-
ship (Marker et al., 2003). In the Serengeti, adult females had mean annual 
survival of 0.8516 (Durant et al., 2004), which is comparable to the female 
survival of 0.8960 obtained in this study. Serengeti males had a mean 
annual survival of 0.6837 (Durant et al., 2004), which is lower than the adult 
male survival of 0.83 obtained in this study.
Comparison of survival of cheetahs in different study areas is diffi cult and 
has some inherent problems including monitoring methods and intensity, age 
group classifi cations of cheetahs and different methods of data analyses.
General discussion
Our data show that cub survival on reserves where other large predators were 
present was lower than adult survivorship. This supports Laurenson’s (1995) 
assertion that cub mortality in the Serengeti limits recruitment and that it 
may also limit recruitment in reintroduced populations where other large 
carnivores are present. Some authors have suggested that cub survivorship is 
not as important as adult survivorship for population persistence, however 
(Crooks et al., 1998). This reinforces Mills’ (2005) view that high levels of cub 
mortality and intraguild predation are natural elements of cheetah population 
dynamics.
Reintroduced cheetahs originated from ranchland areas where other com-
peting predators (lions and spotted hyaenas) were not present. It is possible 
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that these females were naive to the dangers of competing predators and were 
thus not able to effectively protect their cubs. Additionally, cheetahs are 
thought to avoid competition by seeking out areas of “competition refuge” 
that have low lion and spotted hyaena densities (Durant, 1998), which is more 
diffi cult in small, more densely vegetated and fenced protected areas like 
those studied here. Kelly & Durant (2000) predicted that cheetah populations 
would go extinct within 50 years when lion abundance was average or high 
but that cheetah populations could persist at low lion densities. At fi rst glance, 
such a prediction appears to cause confusion as to how such an interaction 
evolved. However, the heterogeneity of African ecosystems would originally 
have supported diverse herbivore communities that would have favoured 
lions when their preferred prey were present, and cheetahs when their 
smaller preferred prey weight range was dominant (Hayward et al., 2007c). 
This becomes problematic for cheetah conservation today because many 
reserves are small or homogeneous, such that they lack refuges, or are 
stocked at artifi cially high densities to support tourist-attracting species, like 
lions.
A sudden decrease in cheetah survival was apparent between 20 and 40 
months after reintroduction for all groups of cheetahs (Figure 13.3A), sug-
gesting that this is a critical time in which cheetahs need to adapt to their 
environment in order to survive. This also supports the fi ndings of Marker 
et al. (2003) that time spent in captivity does not affect survival. If it did, 
the cheetahs would be expected to die soon after release as most had been 
in captivity for several months by this stage.
In South Africa (this study), Namibia and the Serengeti, female cheetahs 
have higher survival rates than males, although this was not always signifi cant. 
Caro (1994) attributed this lower male survival to intra-male aggression. 
Cheetahs have been killed by other cheetahs in this reintroduction programme 
when a coalition of males killed three cheetahs on one reserve (Hayward 
et al., 2007b). A coalition of three males is reported to have killed several 
cheetahs on Madikwe Game Reserve in the North West Province (M. Hofmeyr, 
South African National Parks; personal communication). However, most 
(n = 10) of the cheetahs killed by predators in this study were killed by lions 
(Table 13.3).
Several alternative methods can be used to defi ne a successful reintroduc-
tion, but most of these defi nitions do not apply in small isolated populations 
of large predators, as in this study (Hayward et al., 2007b). This reintroduc-
tion programme is still young and no long-term success can be claimed as yet. 
However, in the short term, we can use the same defi nition as for the 
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evaluation of success of predator reintroduction into confi ned reserves in the 
Eastern Cape of South Africa: a reintroduction is considered successful when 
a 3-year breeding population exists in which recruitment exceeds the adult 
death rate (Hayward et al., 2007b). Consequently, with the exception of the 
cheetah population that was reduced to one individual, all reintroductions 
described here are considered successful, at least in the short term, with 
females breeding and a general increase in the number of cheetahs in confi ned 
reserves. The real measure of success will be the long-term survival of these 
reintroduced populations.
The challenge now is to manage these small isolated populations under one 
metapopulation management plan (Davies-Mostert et al. this volume). This 
will require the cooperation of all reserve owners and managers and nature 
conservation authorities (see Slotow & Hunter, this volume). Alternatively, 
where several smaller reserves are clustered together, the possibility of drop-
ping fences and managing the area as a single unit will further increase the 
long-term viability of reintroduced cheetah populations without excessive 
management (Hayward et al., 2007b). Larger areas may also remove some of 
the pressure on cheetahs as a result of the presence of lions and spotted 
hyaenas. Long-term permanent management, however, will be required for 
the conservation of cheetahs in fenced protected areas (Hayward et al., 2007a). 
A national cheetah DNA database for cheetahs in fenced conservation areas 
Table 13.3 Causes of post-release death in relocated cheetahs broken down into 
age and sex categories.
Cause of death
Male Female
TotalSubadult Adult Subadult Adult
Natural 0 2 3 1 6
Predators 0 5 2 4 11
Unknown 0 1 0 1 2
Escape/missing 0 5 0 2 7
Disease 2 2 0 0 4
Other 1 1 1 0 3
Total 3 16 6 8 33
19 14
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needs to be developed and maintained; this database will form the basis of a 
studbook which will allow reserve managers to intelligently swap cheetahs 
between reserves to ensure maintenance of genetic diversity (Hayward et al., 
2007c). Incorporation of pelage patterns (Kelly, 2001) in the studbook would 
minimize the need for intrusive management interventions aimed at simply 
identifying individuals requiring translocation (Hayward et al., 2007c). A 
studbook and organized metapopulation management plan are of vital impor-
tance to ensure long-term viability of this fragmented cheetah population in 
South Africa. This would require cooperation from all the reserves and would 
mean that this studbook should be consulted before any cheetahs are moved 
between reserves (e.g. Slotow & Hunter, this volume).
While the relocation of cheetahs is successful, relocation should not be seen 
as a solution to confl ict on ranchlands. There is a large difference between 
adult cheetah survival on reserves without lions and adult cheetah survival on 
Namibian ranchland—with lower survival on ranchlands. Namibian ranch-
lands generally have no large predators present, so survival rates would be 
expected to be comparable to those on reserves without large predators, but 
this is not the case. This shows how detrimental persecution can be to the 
survival of cheetahs outside protected areas. Additionally, the removal of adult 
cheetahs has been shown to be more detrimental to the survival of the popula-
tion than the removal of cubs (Crooks et al., 1998). Cheetahs removed from 
ranchland are mostly adults (this study; Marker et al., 2003) and often males 
which are trapped at scent-marking posts (McVittie, 1979; Marker, 2002; 
Wilson, 2006). The effect of these removals on the source population on 
ranchlands must also be considered and weighed up against the benefi ts of 
the reintroductions and the likelihood of the captured individual surviving 
human persecution on the ranchland.
In this study, relocated cheetahs had a higher median survival time than 
cheetahs on Namibian ranchlands. No survival data are available for South 
African ranchlands, so a direct comparison is not possible. This difference in 
survival could suggest that ranchlands are not ideal conservation areas for 
cheetahs, as has been suggested by Laurenson (1995) and Kelly & Durant 
(2000). This also highlights the impact that human confl ict can have on 
cheetah survival outside conservation areas. However, it must be considered 
that relocated cheetahs are given every possible opportunity to survive, includ-
ing inoculations and veterinary care for injuries. Cheetahs on ranchlands 
have to contend with persecution, illegal hunting, illegal capture and trade 
(Marnewick et al., 2007), road accidents and disease.
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